(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
3 October 2002 (03.10.2002) 




PCT 



(10) International Publication Number 

WO 02/077654 Al 



(51) International Patent Classification 7 : G01R 31/02 

(21) International Application Number: PCT/US02/08418 

(22) International Filing Date: 19 March 2002 (19.03.2002) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

60/278,548 23 March 200 1 (23.03.2001) US 



William, H. [US/US]; 2535 Secretariat Drive, Wexford, 
PA 15090 (US). HILLARD, Robert, J. [US/US]; 842 
Taylor Avenue, Avalon, PA 15202 (US). 

(74) Agents: LOGSDON, William, H. et al.; Webb Ziesen- 
heim Logsdon, Orkin & Hanson, P.C., 700 Koppers Build- 
ing, 436 Seventh Avenue, Pittsburgh, PA 15219-1818 (US). 

(81) Designated States (national): JP, US. 

(84) Designated States (regional): European patent (AT, BE, 
CH, CY, DE, DK, ES, Fl, FR, GB, GR, IE, IT, LU, MC, 
NL, PT, SE, TR). 



(71) Applicant (for all designated States except US): SOLID 
STATE MEASUREMENTS, INC. [US/US]; 110 Tech- 
nology Drive, Pittsburgh, PA 15275 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): HOWLAND, 



Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette, 



= (54) Title: METHOD OF DETECTING CARRIER DOSE OF A SEMICONDUCTOR WAFER 



IT) 

v© 

© 



\ 



14 



_C 



30 



CONTACT 
FORMING 
MEANS 



40-> 42 



34 



2 



MEANS FOR 
APPLYING 

ELECTRICAL 
STIMULUS 



MEASUREMENT 
MEANS 



-20 



28^24 40^6 



//////// ///\//Y^ 




10 



(57) Abstract: A product semiconductor wafer has integrated circuits separated by scribe lines. A probe having an elastically de- 
formable, electrically conductive tip is moved into contact with one of the scribe lines thereby forming a test structure. A suitable 
electrical stimulus is applied to the test structure and a response of the test structure to the electrical stimulus is measured. At least 
one property of the product semiconductor wafer is determined from the response. 
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METHOD OF DETECTING CARRIER DOSE OF A SEMICONDUCTOR WAFER 
BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001J The present invention relates to measuring electrical properties of a product 
semiconductor wafer. 
Description of Related Art 

[0002] The performance of a MOS transistor is dependent on its threshold voltage (V T ). 
Device Vt is highly sensitive to both device geometry and processing. However, processing 
related parameters have a stronger impact on device Viand will continue to dominate for all 
sub-micron technologies. Therefore, highly sensitive and repeatable process measurements 
are and will continue to be essential in controlling device V T . 

[0003] Among the various process related parameters, V T is most sensitive to carrier 
density profile in the channel region of a MOS transistor. Ion implantation into the channel 
region is used to produce the channel profile since it allows precise adjustment of V T . 
[0004] In today's semiconductor wafers, the gate equivalent oxide thickness has decreased 
to as low as 15 angstroms. Hence, a higher channel doping level is required in order to 
maintain V T at an appropriate level and to control off-state leakage and to improve gate 
control of the channel charge. This makes tight control of V T more critical and, hence, more 
difficult. 

[0005] Currently, monitor wafers are used to measure V T whereupon the measured value of 
V T can be utilized to adjust the ion implant of the channel regions of a product wafer. 
However, since the ion implant of channels and, hence, the resultant V T of these channels can 
vary from semiconductor wafer to semiconductor wafer, it is becoming increasingly 
necessary to measure Vt on product wafers. In order to measure V T on product wafers, the 
measuring means must be non-contaminating, non-damaging, fast, and capable of measuring 
Vt in product wafer scribe lines or test volumes. However, no means presently exist for 
measuring V T and, more particularly, ion implant in a product semiconductor wafer or 
variances in ion implants between two or more product wafers that meets all of these criteria. 
[0006] It is, therefore, an object of the present invention to overcome the above problems 
and others by providing a method for measuring the ion implant of a semiconductor wafer. It 
is an object of the present invention to provide a method of determining variances in ion 
implant between two or more semiconductor wafers. Still other objects will become apparent 
to those of ordinary skill in the art upon reading and understanding the following detailed 
description. 
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SUMMARY OF THE INVENTION 
[0007] Accordingly, we have invented a method of determining one or more properties of 
a semiconductor wafer having a dielectric layer overlaying at least a portion thereof. The 
method includes providing a semiconductor wafer having a pattern of integrated circuits 
formed thereon and scribe lines separating the integrated circuits from one another. A probe 
is provided having an elastically deformable, electrically conductive tip. The probe tip is 
caused to contact a dielectric layer overlaying at least a portion of one of the scribe lines of 
the semiconductor wafer thereby forming a metal-oxide-semiconductor (MOS) structure. 
The probe tip has a contact area that is received within said scribe line when the probe tip 
contacts the dielectric layer. A capacitance-voltage (CV), current-voltage (IV), conductance- 
voltage (GV) or capacitance-time (Ct) type electrical stimulus is applied to the MOS 
structure. A response of the MOS structure to the electrical stimulus is measured and from 
the response at least one property of the dielectric layer, the semiconductor wafer and/or the 
interface therebetween is determined. The probe contacts the dielectric layer with a force 
whereby the probe tip elastically deforms within its elastic limits. 

[0008] The semiconducting material comprising the semiconductor wafer can include an 
ion implanted dopant received in a test volume underlying the dielectric layer contacted by 
the probe tip. 

[0009] When a CV type electrical stimulus is applied, the step of applying the stimulus 
includes the steps of superimposing an AC voltage on a DC voltage and sweeping the DC 
voltage between a first, starting voltage and a second, ending voltage. The step of measuring 
the response includes the step of acquiring capacitance values during the sweep of the DC 
voltage. The determining step includes the step of determining a dopant concentration in at 
least one layer of the test volume as a function of the acquired capacitance values and the 
voltage at which each capacitance value is acquired. A dopant implant dose can be 
determined in the test volume as a function of the dopant concentration in a plurality of layers 
of the test volume. The plurality of layers extend from adjacent the surface of the test volume 
in a direction into the test volume away from the surface. 

[0010] The method can further include determining from the acquired capacitance values a 
minimum capacitance value (C mi n) of the test volume. The value for C min occurs when the 
test volume is depleted of majority carriers and a net recombination of majority carriers and 
minority carriers in or adjacent the test volume is at equilibrium. From the value for C m i n , a 
maximum space-charge depth of the test volume is determined. The maximum space-charge 
depth is a distance from the surface of the test volume where the depleted majority carriers 
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reside when the test volume is at equilibrium. An average doping concentration in the test 

volume can then be determined from the maximum space-charge depth. A threshold voltage 

value Vy can also be determined from the acquired capacitance values. 

[001 1] Comparisons of average doping concentrations of a reference semiconductor wafer 

and one or more semiconductor wafers under test can be utilized to determine if an ion 

implant process for the semiconductor wafers under test is varying outside of an acceptable 

tolerance. 

[0012) We have also invented a method of determining one or more properties of a 
semiconductor wafer that includes providing a semiconductor wafer having a pattern of 
integrated circuits formed thereon and scribe lines separating the integrating circuits from one 
another. A probe is provided having an elastically deformable, electrically conductive tip. 
The probe tip is caused to contact at least a portion of one of the scribe lines of the 
semiconductor wafer. The probe tip has a contact area that is received within the scribe line. 
An electrical stimulus is applied between the probe tip and the semiconductor wafer and the 
response of the semiconductor wafer to the electrical stimulus is measured. From the 
response, at least one property of the semiconductor wafer is determined. 
[0013] The probe tip can contact the semiconducting material comprising the 
semiconductor wafer or a dielectric layer overlaying the semiconducting material comprising 
the semiconductor wafer. The applied electrical stimulus can be a CV type electrical 
stimulus and the measured response can include acquiring capacitance values during 
application of the CV type electrical stimulus. 

[0014] The semiconducting material comprising the semiconductor wafer can include an 
ion implanted dopant received in a test volume underlying the contact between the probe tip 
and the semiconductor wafer. When the probe tip contacts the dielectric layer overlaying the 
semiconductor material comprising the semiconductor wafer, the determining step includes 
the step of determining a dopant concentration in at least one layer of the test volume as a 
function of the acquired capacitance values. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] Fig. 1 is a cross sectional side view of a conductive probe contacting a scribe line of 
a patterned semiconductor wafer having an overlaying dielectric layer and a test volume 
formed in the scribe line; 

[0016] Fig. 2 is an isolated perspective view of a portion of a patterned semiconductor 
wafer with probe tips contacting scribe lines having a dielectric layer overlaying test volumes 
formed in the scribe lines; 
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[0017] Fig. 3a is a capacitance versus voltage plot of a test volume and dielectric layer 
acquired utilizing the conductive probe shown in Fig. I; 

[0018] Fig. 3b is a plot derived from the capacitance versus voltage plot shown in Fig. 3a; 
[0019] Fig. 3c is a plot of implant dopant concentration of the test volume determined from 
the plot shown in Fig. 3b; 

[0020] Fig. 4 is a capacitance versus voltage plot for a forward and reverse voltage sweep 
of a test volume and dielectric layer acquired utilizing the conductive probe shown in Fig. 1; 
[0021] Fig. 5 is an isolated perspective view of a portion of a patterned semiconductor with 
probe tips contacting scribe lines having a dielectric layer overlaying the bulk 
semiconducting material forming the semiconductor wafer; 

[0022] Fig. 6 is an isolated perspective view of a portion of a patterned semiconductor with 
probe tips contacting the bulk semiconducting material forming the semiconductor wafer in 
scribe lines where test volumes are formed; and 

[0023] Fig. 7 is an isolated perspective view of a portion of a patterned semiconductor with 
probe tips contacting the bulk semiconducting material forming the semiconductor wafer in 
scribe lines. 

DETAILED DESCRIPTION OF THE INVENTION 
[0024] With reference to Fig. 1, an apparatus 2 for measuring an implant dose or an 
implant concentration of a semiconductor wafer 8 having an overlaying dielectric layer 4 
includes a vacuum chuck 10 which holds a back surface 12 of semiconductor wafer 8 by 
means of vacuum. Preferably, chuck 10 is moveable vertically up and down as shown by 
arrow 14 in Fig. 1. 

[0025] Apparatus 2 also includes a probe 20 having a shaft 22 with a conductive tip 24 at 
one end thereof. Probe 20 is also moveable vertically up and down as shown by arrow 14. A 
contact forming means 30, of the type well known in the art, controls the vertical movement 
of chuck 10 and/or probe 20 to move probe 20 and semiconductor wafer 8 toward each other 
whereupon distal end 28 of conductive tip 24 presses into contact with dielectric layer 4. 
This joining of conductive tip 24 and dielectric layer 4 forms a first contact between 
conductive tip 24 and semiconductor wafer 8. Contact between back surface 12 and chuck 10 
forms a second contact with semiconductor wafer 8. 

[0026] A means for applying electrical stimulus 32 and a measurement means 34 are 
connected in parallel between conductive tip 24 and chuck 10. Chuck 10 is typically 
connected to a reference ground. However, this is not to be construed as limiting the 
invention since chuck 10 can alternatively be connected to an AC or DC reference bias. 
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[0027] Conductive tip 24 is formed from an elastically deformable material such as a 
smooth, highly polished metal, e.g., tantalum, a conductive elastomer or a conductive 
polymer. Conductive tip 24 preferably has a hemispherical shape having a radius of 
curvature between 10 micrometers and 100 centimeters. However, this is not to be construed 
as limiting the invention. 

[0028] With reference to Fig. 2, and with continuing reference to Fig. 1, in accordance 
with the present invention, if semiconductor wafer 8 is a product semiconductor wafer, 
semiconductor wafer 8 includes a pattern of integrated circuits 40 separated by scribe lines 42 
in a manner known in the art. During fabrication of integrated circuits 40, one or more select 
volumes of each integrated circuit 40 are ion implanted with a suitable dopant which creates a 
potential difference between each of these volumes and the bulk semiconducting material 
surrounding each of these implanted volumes. 

[0029] In accordance with the present invention, during ion implant of the select volumes 
of each integrated circuit 40, one or more test volumes 44 of semiconductor wafer 8 are also 
ion implanted. Each test volume 44 is formed in one of the scribe lines 42 between two 
integrated circuits 40 or at the intersection of two transverse scribe lines 42. At a suitable 
time during processing of semiconductor wafer 8, dielectric layer 4 is formed over the top 
surface of each test volume 44. Dielectric layer 4 can be simultaneously formed over test 
volumes 44 and integrated circuits 40 or can be formed over test volumes 44 and integrated 
circuits 40 at different times. 

[00301 In Fig: 2, the outline of conductive tip 24 of probe 20 is shown received on the 
surface of dielectric layer 4 overlaying each test volume 44. The mechanical contact area 
between conductive tip 24 of probe 20 and dielectric layer 4 overlaying each test volume 44 
can be determined by the well-known Hertzian formula related to elastic contacts between 
spherical and flat bodies. 

[0031] It is well known that dopant ions implanted into semiconductor wafer 8 come to 
rest at different depths from top surface 6 of semiconductor wafer 8 based upon, among other 
things, the kinetic energy of each ion striking semiconductor wafer 8 and the crystal structure 
where each ion impacts semiconductor wafer 8. As a result, the ion concentration, i.e., 
ions/cm 3 , of each layer of semiconductor wafer 8 from top surface 6 will vary. In the 
processing of product semiconductor wafers, it is desirable to determine implant dose, i.e., 
ions/cm 2 , in order to ensure that integrated circuits formed on the semiconductor wafer will 
perform in a desired manner. Moreover, with today's large diameter, i.e., 300 millimeter, 
semiconductor wafers, it is desirable to ensure that integrated circuits formed on the 
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semiconductor wafer have been ion implanted within an acceptable tolerance regardless of 
where each integrated circuit resides on the semiconductor wafer. 

[0032] In order to determine the implant dose of integrated circuits 40 formed on 
semiconductor wafer 8, use is made of the ion implanted test volumes 44 formed in scribe 
lines 42 or at the intersection of transverse scribe lines 42 in semiconductor wafer 8. To this 
end, conductive tip 24 of probe 20 is brought into contact with dielectric layer 4 overlaying 
each ion implanted test volume 44. While a single probe 20 can be utilized to sequentially 
determine the implant dose of each test volume 44 of semiconductor wafer 8, multiple probes 
20 coupled to a common test fixture (not shown) can be utilized to acquire from multiple test 
volumes 44 data from which the implant dose of each test volume can be determined. The 
acquisition of data and the determination of implant dose from one test volume 44 will now 
be described with reference to Figs. 3a-3c, and with continuing reference to Figs. 1 and 2. It 
is to be appreciated, however, that the acquisition of data and the determination of implant 
dose in each test volume 44 of semiconductor wafer 8 occurs in the same manner. 
[0033] Initially, contact forming means 30 causes conductive tip 24 to contact dielectric 
layer 4 overlaying ion implanted test volume 44 of semiconductor wafer 8 thereby forming a 
MOS test structure. More specifically, the combination of conductive tip 24, dielectric layer 
4 and semiconductor wafer 8 forms the MOS test structure. Once this MOS test structure is 
formed, means for applying electrical stimulus 32 applies a suitable capacitance-voltage 
(CV), current-voltage (IV), conductance-voltage (GV) or capacitance-time (Ct) type electrical 
stimulus to this MOS test structure. For purposes of the following description, means for 
applying electrical stimulus 32 will be described as applying a CV type electrical stimulus. 
However, this is not to be construed as limiting the invention. 

[0034] Means for applying electrical stimulus 32 applies to the MOS test structure a CV 

type electrical stimulus comprising an AC voltage superimposed on a DC voltage which is 

swept from a first, starting voltage 50 to a second, ending voltage 52. During the sweep of 

the DC voltage, capacitance values of the MOS test structure are acquired. An exemplary 

plot of acquired capacitance values versus voltage is shown in Fig. 3a. 

[0035] Next, the inverse of the acquired capacitance values squared, i.e., 1/C 2 , versus 

voltage is determined. A plot of 1/C 2 versus voltage is shown in Fig. 3b. 

[0036] Next, the following equation 1 is utilized to determine the implant concentration 

N w for values of 1/C 2 between starting voltage 50 and ending voltage 52. 



6 

WEST 



WO 02/077654 



PCT/US02/08418 



EQ 1: 



-dfl/c 2 ) 
dV 



q£ s N w A 2 



2 



where 



q = election charge; 

8s = permittivity of semiconductor wafer 8; 
N w = dopant implant concentration; and 
A = contact area of conductive tip 24. 



[00371 The following equation 2 is then utilized to determine for each value of N w> a 
distance W from top surface 6 of semiconductor wafer 8 where each implant concentration 
resides. 



[0038] A plot of N w versus distance W is shown in Fig. 3c. As can be seen in Fig. 3c, the 
implant concentration does not have a determinable value for a distance 60 from top surface 6 
of semiconductor wafer 8. As further seen in Fig. 3c, the dopant concentration increases with 
increasing distance W from top surface 6 of semiconductor wafer 8 until it reaches a peak 
value 62. Thereafter, with further increasing distance W from top surface 6, the dopant 
concentration decreases until it reaches a steady state value N SU b at a distance L from top 
surface 6. The value of N sub is indicative of residual ions trapped in semiconductor wafer 8 
during growing of the ingot from which semiconductor wafer 8 was extracted. 
[0039] The position of peak value 62 of N w versus W can be adjusted toward or away 
from top surface 6 of semiconductor wafer 8 by adjusting the depth to which the dopant ions 
are implanted into semiconductor wafer 8. For example, dopant ions implanted closer to top 
surface 6 will cause peak value 62 to shift toward the N w axis in Fig. 3c while dopant ions 
implanted further away from top surface 6 will cause peak value 62 to shift away from the N w 
axis in Fig. 3c. Thus, by utilizing equations 1 and 2 to determine N w versus W, the location 
and magnitude of peak value 62 of N w can be accurately determined and, thereby, controlled. 
Since control of the location and magnitude of peak value 62 of N w is directly related to the 
voltage threshold V T of MOS field effect transistors (MOSFETs), the ability to accurately 
determine the location and magnitude of peak value 62 of N w is important in determining 
whether semiconductor wafer 8 has been implanted within an acceptable tolerance. 



EQ2: 




where 



W = distance from top surface 6 of semiconductor wafer 8; and 
¥ = portion of DC voltage dropped across semiconductor wafer 8 
from top surface 6 to a depth L, discussed hereafter. 
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[0040] The dopant implant dose, also, referred to as the partial implant dose PID, of each 
test volume can be determined from the following equation 3: 



EQ3: PK) = 



[NwW-N^ldx 

^Top Surface 



where N SU b = residual dopant concentration in the semiconducting material 
forming semiconductor wafer 8, and 
PED = dopant implant dose. 

The determination of dopant implant dose can be compared to a theoretical dopant implant 
dose for test volume 44 to determine if the ion implant of dopants in semiconductor wafer 8 
is occurring within an acceptable tolerance. 

[0041] With reference to Fig. 4, and with continuing reference to Figs. 1 and 2, it has been 
determined that it is not always necessary to determine the dopant implant concentration in 
the various layers of test volume 44 or the dopant implant dose in test volume 44 in order to 
determine that the implant of ion dopant in test volume 44 is within an acceptable tolerance. 
To this end, it has been determined that an average surface doping concentration in a test 
volume 44 can be determined from the value for C m i n for the test volume 44. 
[0042] The value of C min for a test volume 44 is determined by applying a CV type 
stimulus to conductive tip 24. This CV type stimulus includes superimposing an AC signal 
on a DC signal which is swept from a first, starting voltage 70 to a second, ending voltage 72. 
The sweep of the DC voltage to ending voltage 72 occurs in a manner whereupon test volume 
44 is driven into deep depletion 74. When the DC voltage reaches ending voltage 72, the 
means for applying electrical stimulus 32 causes the DC voltage to dwell at ending voltage 
72. Since test volume 44 has been driven into deep depletion 74, the measured capacitance 
increases even though the means for applying electrical stimulus 32 maintains ending voltage 
72 applied to conductive tip 24. The capacitance of test volume 44 continues increasing until 
it reaches a steady state value 76. This steady state value 76 occurs when test volume 44 is 
depleted of majority carriers and the net recombination of majority carriers and minority 
carriers in or adjacent test volume 44 is at equilibrium. Thereafter, the means for applying 
electrical stimulus 32 performs a reverse voltage sweep from ending voltage 72 toward 
starting voltage 70. 

[0043] During application of the CV type stimulus shown in Fig. 4, measurement means 
34 monitors the capacitance of test volume 44 and determines when the capacitance of the 
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reverse voltage sweep initially equals the capacitance of the forward voltage sweep. This 
capacitance is designated as C m i n and the voltage corresponding to Cn™ is designated as the 
threshold voltage V T . The value of Vj can be determined empirically from the CV type 
stimulus or it can be determined in a manner known in the art from values determined for 
C m in and N sur f, discussed hereafter. 

[0044] Utilizing the following equation 4, the maximum space charge distance (W M ) from 
top surface 6 at C m j n can be determined. 

_ £qsA 

EQ 4: Cmin 



Tox + (e 0 x/£ s )W n 



where S ox = permittivity of dielectric layer 4; 

8 S = permittivity of semiconductor wafer 8; 
Tqx = thickness of dielectric layer 4; 

W M = maximum space charge distance from top surface 6 at C m i n ; and 
A = contact area of conductive tip 24. 

From the thus determined value for W M , an average doping concentration (N sur f) can be 
determined utilizing the following equation 5: 



EQ5: 




where 8 S = permittivity of semiconductor wafer 8; 

¥ L = Linder saturation band bending in inversion; 

q = election charge; and 

Nsurf = average doping concentration. 

[0045] The value of N surf for each semiconductor wafer provides an indication of whether 
ion implant of the semiconductor wafer 8 is within an acceptable tolerance, but does not 
provide an absolute indication of dopant concentration or dopant dose in a test volume 44. 
However, a value of N SU rf determined for a semiconductor wafer 8 that has been ion 
implanted within an acceptable tolerance can be compared to values of N surf determined for 
product semiconductor wafers 8 to determine if these product semiconductor wafers 8 have 
been ion implanted within the acceptable tolerance. To this end, the value of N sur f determined 
for a reference semiconductor wafer can be compared to the value of N SU rf for each of one or 
more product semiconductor wafers under test to determine if the difference in values 
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exceeds a predetermined difference indicative of the ion implant process varying outside of 
the acceptable tolerance. 

(0046] With reference to Fig. 5, and with continuing reference to Fig. 1, in accordance 
with another embodiment of the present invention, conductive tip 24 of probe 20 can contact 
dielectric layer 4 overlaying semiconductor wafer 8 in a scribe line 42 thereof In this 
embodiment, however, the portion of semiconductor wafer 8 below the contact of conductive 
tip 24 and dielectric layer 4 does not include an ion implant. The combination of conductive 
tip 24, dielectric layer 4 and semiconductor wafer 8 forms a MOS test structure to which the 
means for applying electrical stimulus 32 can apply one or more of a suitable CV type, 
current-voltage (IV) type, conductance-voltage (GV) and/or capacitance-time (Ct) or 
lifetime measurement type electrical stimulus. Measurement means 34 can then measure the 
response of the MOS test structure to the stimulus and determine therefrom one or more 
properties of dielectric layer 4, semiconductor wafer 8, and/or the interface therebetween in a 
manner known in the art. In this embodiment, when a CV type electrical stimulus is applied, 
the measured response can be utilized to determine a value for the residual dopant 
concentration (N SU b) in the semiconducting material forming semiconductor wafer 8. 
[0047) Conductive tip 24 of probe 20 can also contact a dielectric layer overlaying the 
bulk semiconducting material or an ion implanted test volume 44 of an unpatterned 
semiconductor wafer, i.e., a semiconductor wafer having no integrated circuits 40 or scribe 
lines 42 formed thereon, to form a MOS test structure to which CV type, IV type, GV type or 
Ct type electrical stimulus can be applied. The response of this MOS test structure to the 
stimulus can be measured and one or more properties of the dielectric layer, the 
semiconductor wafer, and/or the interface therebetween can be determined from the measured 
response in a manner known in the art. 

[0048] With reference to Figs. 6 and 7, in accordance with another embodiment of the 
present invention, where a scribe line 42 of semiconductor wafer 8 has no overlaying 
dielectric layer 4, conductive tip 24 of probe 20 can contact the semiconducting material in 
this scribe line 42 thereby forming a Schottky test structure. The portion of semiconductor 
wafer 8 forming this Schottky test structure can either be the bulk semiconducting material 
forming semiconductor wafer 8 or can be a test volume 44 ion implanted with a suitable 
dopant. Means for applying electrical stimulus 32 can apply a suitable electrical stimulus, 
e.g., a CV type electrical stimulus, to this Schottky test structure and measurement means 34 
can measure the response of the Schottky test structure to the stimulus and determine 
therefrom one or more properties of semiconductor wafer 8 in a manner known in the art. 
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[0049] Lastly, conductive tip 24 of probe 20 can also contact the bulk semiconducting 
material or an ion implanted test volume 44 of an unpattemed semiconductor wafer, i.e., a 
semiconductor wafer having no dielectric layer 4, integrated circuits 40 or scribe lines 42 
formed thereon, to form a Schottky test structure to which a suitable electrical stimulus, e.g., 
a CV type electrical stimulus, can be applied. The response of this Schottky test structure to 
the stimulus can be measured and one or more properties of semiconductor wafer 8 can be 
determined from the measured response in a manner known in the art. 
[0050] As can be seen, the present invention provides a method for determining dopant 
concentration and dopant dose in scribe lines of a product semiconductor wafer. In addition, 
the present invention also provides a method for determining whether an ion implant process 
for a product semiconductor wafer is varying outside of an acceptable tolerance. 
[0051] The invention has been described with reference to the preferred embodiments. 
Obvious modifications and alterations will occur to others upon reading and understanding 
the preceding detailed description. It is intended that the invention be construed as including 
all such modifications and alterations insofar as they come within the scope of the appended 
claims or the equivalents thereof. 
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THE INVENTION CLAIMED IS: 

1 . A method of determining one or more properties of a semiconductor wafer having a 
dielectric layer overlaying at least a portion thereof, the method comprising the steps of: 

(a) providing a semiconductor wafer having a pattern of integrated circuits formed 
thereon and scribe lines separating the integrated circuits from one another; 

(b) providing a probe having an elastically deformable, electrically conductive tip; 

(c) causing the probe tip to contact a dielectric layer overlaying at least a portion 
of one of the scribe lines of the semiconductor wafer thereby forming a metal-oxide- 
semiconductor (MOS) structure, the probe tip having a contact area that is received within 
said scribe line when the probe tip contacts the dielectric layer; 

(d) applying an electrical stimulus to the MOS structure; 

(e) measuring a.response of the MOS structure to the electrical stimulus; and 

(f) determining from the response at least one property of at least one of the 
dielectric layer, the semiconductor wafer and the interface therebetween. 

2. The method as set forth in claim 1, wherein in step (c) the probe tip elastically 
deforms within its elastic limits. 

3. The method as set forth in claim 1, wherein the semiconducting material comprising 
the semiconductor wafer includes an ion implanted dopant received in a test volume 
underlying the dielectric layer contacted by the probe tip. 

4. The method as set forth in claim 3, wherein: 

step (d) includes applying a CV type electrical stimulus that comprises superimposing 
an AC voltage on a DC voltage and sweeping the DC voltage between a first, starting voltage 
and a second, ending voltage; and 

step (e) includes the step of acquiring capacitance values during the sweep of the DC 
voltage. 

5. The method as set forth in claim 4, wherein step (f) includes the step of determining a 
dopant concentration in at least one layer of the test volume as a function of the acquired 
capacitance values and the voltage at which each capacitance value is acquired. 
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6. The method as set forth in claim 5, wherein step (f) further includes the step of 
determining a dopant implant dose in the test volume as a function of the dopant 
concentration in a plurality of layers of the test volume. 

7. The method as set forth in claim 6, wherein the plurality of layers extend from 
adjacent the surface of the test volume in a direction into the test volume away from said 
surface. 

8. The method as set forth in claim 4, wherein step (f) includes the steps of: 
determining from the acquired capacitance values a minimum capacitance value 

(C min ) of the test volume, the value for C min occurring when the test volume is depleted of 
majority carriers and a net recombination of majority carriers and minority carriers in or 
adjacent the test volume is at equilibrium; 

determining from Cmi n a maximum space-charge depth of the test volume, where the 
maximum space-charge depth is a distance from the surface of the test volume where the 
depleted majority carriers reside when the test volume is at equilibrium; and 

determining from the maximum space-charge depth an average surface doping 
concentration of the test volume. 

9. The method as set forth in claim 8, further including the steps of: 

providing another semiconductor wafer having a pattern of integrated circuits formed 
thereon and scribe lines separating the integrated circuits from one another; 

causing the probe tip to contact a dielectric layer overlaying at least a portion of one 
of the scribe lines of the other semiconductor wafer thereby forming a metal-oxide- 
semiconductor (MOS) structure, the probe tip having a contact area that is received within 
said scribe line when the probe tip contacts the dielectric layer; 

repeating steps (d) - (f) for the other semiconductor wafer; and 

comparing the average surface doping concentrations of the semiconductor wafers. 

10. The method as set forth in claim 9, further including the step of: 

determining from the comparison of the average surface doping concentrations 
whether an ion implant process for the semiconductor wafers is varying outside of an 
acceptable tolerance. 
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11. The method as set forth in claim 4, further including the step of determining from the 
acquired capacitance values a threshold voltage (V|). 

12. A method of determining one or more properties of a semiconductor wafer, the 
method comprising the steps of: 

(a) providing a semiconductor wafer having a pattern of integrated circuits formed 
thereon and scribe lines separating the integrated circuits from one another; 

(b) providing a probe having an elastically deformable, electrically conductive tip; 

(c) causing the probe tip to contact at least a portion of one of the scribe lines of 
the semiconductor wafer, the probe tip having a contact area that is received within the scribe 
line; 

(d) applying an electrical stimulus between the probe tip and the semiconductor 

wafer; 

(e) measuring a response of the semiconductor wafer to the electrical stimulus; 

and 

(f) determining from the response at least one property of the semiconductor 

wafer. 

13. The method as set forth in claim 12, wherein in step (c) the probe tip elastically 
deforms within its elastic limits. 

14. The method as set forth in claim 12, wherein the probe tip contacts one of: 
a semiconducting material comprising the semiconductor wafer; and 

a dielectric layer overlaying the semiconducting material comprising the 
semiconductor wafer. 

15. The method as set forth in claim 14, wherein: 

step (d) includes applying a CV type electrical stimulus; and 

step (e) includes acquiring capacitance values during the application of the CV type 
electrical stimulus. 
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16. The method as set forth in claim 15, wherein: 

the semiconducting material comprising the semiconductor wafer includes an ion 
implanted dopant received in a test volume underlying the contact between the probe tip and 
the semiconductor wafer, and 

when the probe tip contacts the dielectric layer overlaying the semiconducting 
material comprising the semiconductor wafer, step (f) includes the step of determining a 
dopant concentration in at least one layer of the test volume as a function of the acquired 
capacitance values and the voltage at which each capacitance value is acquired. 

17. The method as set forth in claim 16, wherein step (0 further includes the step of 
determining a dopant implant dose in the test volume as a function of the dopant 
concentration in a plurality of layers of the test volume. 

1 8. The method as set forth in claim 15, wherein: 

the semiconducting material comprising the semiconductor wafer includes an ion 
implanted dopant received in a test volume underlying the contact between the probe tip and 
the semiconductor wafer; and 

when the probe tip contacts the dielectric layer overlaying the semiconducting 
material comprising the semiconductor wafer, step (f) includes the steps of: 

determining from the acquired capacitance values a minimum capacitance 
value (C min ) of the test volume, the value for C^n occurring when the test volume is depleted 
of majority carriers and a net recombination of majority carriers and minority carriers in or 
adjacent the test volume is at equilibrium; 

determining from C m in a maximum space-charge depth of the test volume, 
where the maximum space-charge depth is a distance from the surface of the test volume 
where the depleted majority carriers reside when the test volume is at equilibrium; and 

determining from the maximum space-charge depth an average surface doping 

concentration. 

19. The method as set forth in claim 15, further including the step of determining from the 
acquired capacitance values a threshold voltage (V t ). 
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